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Vanillin is one ofthe most important and broadly utilised flavour chemicals in the food industry, 
as well as the major component of vanilla. In order to ensure a continuous supply of vanillin in 
low cost, a study focussing on biovanillin production by generating ferulic acid (FA) from 
agricultural-by-products was conducted with the aid of local isolate fungi, named, Ceratoeyetis 
paradoxa. Sago bark (SB), in chip form, was the major substrate to enhance the microbial 
bioconversion process as it could be acquired for a low cost. Furthermore, SB might contribute 
to environmental contamination as it was frequently released at nearby sago starch processing 
factory, if there are no systematic approach applied to reduce the bulky of SB. To ensure an 
efficient organisation of this study, three different pH values (pH 8.0, pH 9.0 and pH 10.0) had 
been examined, by standardising the optimal conditions such as temperature (28°C) and 
moisture constituent (70%) for the nourishing growth of Ceratoeyetis paradoxa in order to 
generate FAin high production from SB as the substrate via solid state fermentation (SSF). SSF 
was conducted under different pH values to determine the optimal pH condition and the enzyme 
responsible for microbial attack within the substrate. Production of FA and activity of ferulic 
acid esterase (F Ae) were the main findings for bioconversion process in this study. As a result, 
very low amount of FA produced from SB by Ceratoeystis paradoxa, as the highest FA 
production was in pH 8.0 on day 2, which was only 0.044 mg/g, with the enzyme activity of 
0.089 U/g. This had proven that the chip form ofSB was not the relevant size for the microbial 
attack of Ceratoeystis paradoxa, relative to powder form of substrate, in generating FA for 
biovanillin production. The pH values below 8.0 had been proposed for future study of FA 
production by Cera toe yetis paradoxa as it might ensure the elevated yield with high enzyme 
activity. .' 





Vanillin adalah salah satu yang amat penting dan secara meluas bahan kimia perisa digunakan 
dalam industri makanan dan merupakan komponen utama vanila. Untuk memastikan bekalan 
vanillin yang berterusan, suatu kajian memfokuskan ten tang penghasilan biovanillin dengan 
menghasilkan asid ferulik (AF) daripada produk pertanian telah dijalankan dengan bantuan 
kulat isolat tempatan, bernama, Ceratocystis paradoxa Kulit kayu sagu (KKS) , dalam bentuk 
cip, merupakan substrat utama untuk meningkatkan proses penukaran bio mikrob kerana ia 
boleh didapati dengan harga yang rendah. Sebagai tam bahan, KKS boleh menyumbang kepada 
pencemaran alam sekitar kerana ia sering dihasilkan di kilang pemprosesan kanji sagu 
berdekatan, sekiranya tiada pendekatan sistematik dijalankan untuk mengurangkan lambakan 
KKS. Untuk memastikan suatu pendekatan berkesan terhadap kajian ini, tiga nilai pH yang 
berlainan (PH 8.0, pH 9.0 dan pH J0.0) telah diuji, dengan menstandardkan keadaan optimum 
seperti suhu (28°C) dan kandungan lembapan (70%) untukpertumbuhan Ceratocystis paradoxa 
yang sihat, dalam usaha untuk menghasilkan AF dalam pengeluaran yang tinggi daripada KKS 
sebagai substrat, melalui penapaian peringkat pepejal (PPP). PPP telah dijalankan di bcnvah 
nilai pH yang berlainan untuk menentukan keadaan optimum pH and enzim yang 
bertanggungjawab untuk serangan mikrob dalam substrat. Penghasilan AF dan aktiviti asid 
ferulik esterase (AFe) merupakan pencarian utama untuk proses penukaran bio dalam kajian 
ini. Sebagai keputusannya, kandungan AF yang sangat sedikit dihasilkan daripada KKS oleh 
Ceratocystis paradoxa sebagai penghasilan yang paling tinggi adalah dalam pH 8. 0, pada hari 
kedua, yang hanya 0.044 mg/g, dengan aktiviti enzim adalah 0.089 U/g. Ini telah membuktikan 
KKS yang berbentuk cip adalah tidak sesuai dalam serangan mikrob oleh Ceratocystis 
paradoxa berbanding dengan substrat yang berbentuk serbuk Nilai pH bawah 8.0 telah 
dicadangkan untuk kajian masa hadapan penghasilan AF oleh Ceratocystis paradoxa kerana ia 
boleh memastikan hasil jumlah yang tinggi dengan aktivi/i en=im yang tinggi. 
Kata kunci: ASidferulik (AF) , kulit kayu sagu (KKS) , Ceratocystis paradoxa 
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1. INTRODUCTION 
Sago bark (SB) in Malaysia is frequently available as well as is under-exploited. It is 
classified as a product of the sago palm miHing synthesis. The quantities of SB produced 
are becoming alarming high with the drastic development in the synthesis of sago starch 
which will lead to residues emission. The residues are then released into the river, which 
finally 'lead to adverse environmental constraints (Zainab et aI., 2013) . The improper 
decomposition in the plantation sites might become the main issue as humans often to 
practise an open burning of S B which will be contributed to several constraints, such as air 
and water contaminations, greenhouse effect as well as health constraints especially those 
with high vulnerability to asthma. Therefore, it is vital to come out with an efficient route 
protocol on the S B settlement instead of burning it. 
Several researches have been carried out to verify the production of flavour 
compounds such as biovanillin from raw materials especially the agro-industry. Microbial 
bioconversion technique has been utilised in biotechnological generation of vanillin as a 
few substrates included ferulic acid (FA) and eugenol which having high capability for 
acquiring vanillin. Formation of cross-linking agent among carbohydrate exist in cell wall , 
owing to the present of a large quantities of FA become the major factor for breaking the 
ester bonds that I inked to arabinoxylans. This process is assisted by microbial 
bioconversion, 'Obtained chiefly from fungal strain,S, accompanied by a regulated system 
named, solid state fermentation (SSF) (Di Gioia et aI., 2007). SSF is termed as a crucial 
bioconversion system for transformation of natural raw materials to a broad kinds of 
chemical and biochemical yields, aided by microbe, with no present of water (Prabhakar et 
al. , 2005). 
1 
Sugar beet pulp was first raw material went through biotransformation into vanillin 
generation in the year 1999, which employed two procedures ofsol id substrate cultivations, 
whereby Aspergillus niger 1-1472 was required for FA extraction then into vanillic acid 
production from lignocellulosic component whereas Pycnoporus cinnabarinus MUCL 
39532 was responsible for vanillic acid modification into vanillin. The vanillin acquired 
from the research was 357 mg/I, with 50% of molar yield (Mohd Salleh et aI., 2011). There 
are tremendously high advancement of scientific reports at the present day focussing on 
SSF of agro-industrial residues include fruit wastes, cocoa pod, rice straw, palm kernel 
cake, sugar beet pulp, sugar cane bagasse, wheat bran, cassava husk, potato wastes, rice 
husk and rice bran into diverse chemicals as well as beneficial products which comprised 
of biologically active secondary metabolites, amino acids, organic acids, mushrooms, 
biofuel, antibiotics, enzymes and ethanol (Prabhakar et ai, 2005). 
This study is necessary in employing the application of SSF of biomass for 
production of valuable product from FA with the aid of Ceratocystis paradoxa as a 
microbial bioconversion agent. There are three objectives that will be verified in this study. 
1. 	 To determine the effect of pH on FA generation from SB by Ceratocystis paradoxa 
for biovanillin production during SSF . 
.' 
2. 	 To identify the optimal pH condition for higher generation of FA from SB by 
Ceratocystis paradoxa during SSF. 
3. 	 To characterise enzymes released by Ceratocystis paradoxa during FA production 
during SSF ofSB. 
2 
2. LITERATURE REVIEW 
2.1 Sago Bark 
2.1.1 Properties of Sago Bark 
Sago is categorised in the family of Palmae, with fairly huge planting 
regions in Indonesia, approximately about 7, 000, 000 hectares of sago planting 
region, equivalent to roughly 51.3% of the entire region of sago in the world (La 
Habi et al., 2014). SB is the result ofdebarking process of Metroxylon sagu which 
is abundantly found at sago-processing mills. Based on a method characterised 
by Ververis et al. (2004), there was 85% of lignin constituent possessed by sago 
bark, with the other components were hemicellulose as well as cellulose. The low 
capability ofsynthesis methods at the present day to entirely dispose the products 
of debarking operation might lead to serious problems. Today, SB might lead to 
environmental contamination which was having zero significantly industrial or 
commercial employ, with a small proportion of solid residue was for animal feed 
provision (Kumaran et aI., 1997). 
2.1.2 Sago Bark Processing 
A completely-grown Metroxylofl sagu is roughly 10 to 12 metres high, 
with around 0.81 to I metre of its diameter. The process of harvesting of sago is 
initiated by cutting the sago trunk into I metre logs, followed by transporting to 
the factory. Then, debarking process is conducted manually by machete or utilising 
debarking appliance. The log is covered by about 2 to 3 centimetres ofhard as well 
3 
as thick bark. This SB will be responsible for FA production as it consists of large 
amounts of lignin composition. Pulping operation is carried out by mashing the 
debarked logs with the aid of rasper. After that, the starch slurry wiU be formed by 
adding up water. Two types of wastes are produced owing to the starch extraction 
processing which are coarse 'hampas' and fine ' hampas' as shown in Figure 2.1. 
Water is added into dried sago starch for dewatering process, which will be 
fabricated the wastewater. Finally, the starch slurry is allowed to dry out then 













Figure 2.1. Sago processing (Quek et aI. , 1998). 
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2.1.3 Applications of Sago Bark 
Sago bark has been identified to be responsible in ethanol production as petroleum 
has become exhausted presently. Saccharomyces cerevisiae VITS-Ml was a capable yeast 
strain for ethanol generation as it displayed good survival rate in diverse sugars for 
instance galactose, maltose, glucose as well as sucrose, but negative in J,actose. Moreover, 
it demonstrated better existence rate at elevated ethanol concentration as well as at acidic 
condition. Hydrochloric acid and sulphuric acid were responsible in saccharification 
progression of sago liquid waste as well as solid waste under dissimilar treatment. The 
entire experimental records revealed that the sago liquid waste generated elevated 
amounts of ethanol by synchronized saccharification with OJ N hydrochloric acids and 
OJ N sulphuric acids. This process was facilitated by fermentation technique, 
accompanied by microbial bioconversion (Subashini et aI., 2011). 
2.2 Ferulic Acid 
2.2.1 Properties of Ferulic Acid 
Ferulic acid (FA) as shown in Figure 2.2, was existed in the cell walls of 
a few plants comprising monocots and dicot~ in huge amounts ofcompositions. This 
4-hydroxy-3-methoxycinnamic acid formed the ester bonds towards polysaccharide 
molecules covalently and was a constituent of lignin. There was a diverse plant 
wastes possessing the FA content, which were corncobs, bagasse, rice bran and 
wheat bran which is illustrated in Table 2.1. With the aid of esterase as well as 
5 

xylanase to hydrolyse these substrates, it was reported that corncobs produced the 
large amounts of FA. A variety group of esterases, which was one of them, was FA 
esterase (F Ae) was responsible in FA extraction from the compositions of plant cell 
walls to which they were attached. FA was termed as antioxidant agent as well as 
anti-inflammatory characteristics, with a specialty capability in modifying into 
vani.l\in and able to be modified into other beneficial yields, such as polymers, 
epoxides, alkyl benzenes, protocatechuic acid-related catechols, guaiacol and 
catechol (Huang et aI., 2013). 
o 
OH 





Table 2.1. Ferulic acid produced from pre-treated materials (Salgado et ai., 20) 2). 
Pre-treated materials Ferulic acid (mg/I) 
I 
White grape stem 97.9 
Red grape stem 92.2 
Vine leaf 35.8 
Leaf fruit 64.0 
Grass 312.0 
Pistachio shells 43.0 
Chestnut shells 19.5 
2.3 Solid State Fermentation 
2.3.1 Basic Procedures of Solid State Fermentation 
The transformation of natur,!l raw components into broad kinds of chemical 
as well as bio-chemica'l yields is as termed as solid substrate cultivation, which was 
a necessary bioconversion method. This meant a production with less energy 
consumption at logical cost with no environmental disturbance. There were several 
procedures, which were basically employed, when SSF is being practised. Firstly, a 
solid substrate is prepared with a particular diameter of the particle (d p), pH, 
nutrients c;oncentration (Cn) and substrate concentration (Cs) . Then, the substrate is 
sterilised, followed by rising of appropriate inoculums, accompanied by traditional 
or pure culture method. After that, the moist substrate is inoculated and the substrate 
is incubated in suitable culture of vessel or reactors. The optimal states of 
environment had to be controlled and maintained, included pH, temperature, 
humidity of the air (Hm), mixing, aeration, flow style, heat transfer rate (Q) and 
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mass transfer rate (NA) The solids were then harvested, followed by drying or taking 
out of yield (Prabhakar et aI., 2005). 
2.3.2 Current Study on Solid State Fermentation 
Production of biocatalyst, named lipase, which acted as catalyser of a 
few unnatural and uncommon reactions in non-aqueous media by SSF was the 
important study presently. Numerous kinds ofagriculture biomass like agricultural 
raw components and residues of the oil production activity were having potential 
as they were locally available and also cost effective requiring non-elevated 
nutrient provision to generate microbial lipase in solid substrate cultivation. 
Enzyme manufacture was related with the development of the microbial culture. 
First parameter to be emphasised was substrate size. Microbial attack via mycelia 
penetration required smaller sUDstrate components which supplied a bigger surface 
region. Nonetheless, too tiny substrate size could lead to product assembly, which 
might interfere with bacterial respiration. In addition, owing to evaporation of the 
occurring water via metabolic heat modification, water utilisation and liberation 
via fungal metabolism as well as surrounding inducers, the moisture constituent in 
the SSF could be difference (Kumar & Kanwar, 2012) . 
.' 
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2.3.3 Effect of pH in Solid State Fermentation (SSF) 
Acccording to Sivaramakrishnan et al. (2007), pH played a vital role in 
alpha amylase generation with the aid of Aspergillus oryzae by adopting SSF. 
Growth as well as activity of each microorganism has its own feature pH range, 
whereby there was an ideal value within the range. The culture pH predominantly 
modified owing to the microbial metabolic processes. Aspergillus oryzae required 
pH range 3-9 for enzyme synthesis with initial pH of 5 as the ideal enzyme titres. 
Moreover, there was effect of pH on L-glutaminase generation by Aspergi/lusj1avus 
(FGNAS-7) during SSF. The product of L-glutaminase which beneficial in 
production of aroma enhancing agent and flavour in food industry, was elevated 
with the elevated level in the initial pH of the substrate, which employing several 
substrates such as ragi straw, paddy straw, jowar straw and maize straw. The higher 
L-glutaminase activity took place at pH 6.5 at 144 hours incubation while the lower 
activity of L-glutaminase activity was identified at pH 8.0 at 144 hours (Rashmi et 
al. 2012). 
2.4 Biovanillin production 
Stentelaire et al. (2000) reported that vanillin generation could be enhanced by .. 
Pycnoporus cinnabarinus MUCL 39533, which employed two kinds of bioreactors, a 
mechanically agitated and air lift bioreactor. There were several parameters that had been 
recorded include aeration rate, vanillin concentration, methoxyhydroquinone production, 
vanillyl alcohol generation and percentages of molar yield. The biotechnological 
operation of vanillin manufacturing from vanillic acid was carried out at the laboratory 
9 
state which adopted the utilisation of selective XAD-2 resin that contributed to reduction 
of vanillin concentration, limitation of toxicity rate and methoxyhydroquinone formation . 
These were the main factors of reaching 1575 mg/I of vanillin concentration. 
Mechanically agitated bioreactor had been proved to be the best in the production of 
vanillin as its amount could reach 1018 mg/I compared to air-lift bioreactor, 770 mg/1. The 
capability of acquiring vanillin from bioconversion of a specialty chemical named, FA, 
obtained from enzymatic hydrolysis of wheat bran was studied. Firstly, wheat bran 
hydrolysis was employed to obtain freely accessible FA by utilising commercially 
accessible, technical-grade enzyme arrangements. After that, the transformation of FA 
available in the hydrolysed concoction into vanillin is carried out by genes that possessed 
in the transformed E. coli strain, 1M 109 (pBB1). Wheat bran as an agro-industrial by 
products was being studied under different enzyme activities, temperatures, pH and 




3. MATERIALS AND METHODS 
3.1 Materials 
3.1.1 Ceratocyctis paradoxa fungal strains and growth media preparation 
A local isolate fungus named Ceratocyctis paradoxa was used, which was obtained 
from Molecular Genetic Laboratory of Faculty Resource Science and Technology, 
Universiti Malaysia Sarawak. It was originated from phylum Ascomycota, family 
of Ceratocystidaceae. A plant pathogen which caused pineapple black rot disease. 
Potato Dextrose Agar (PDA) was utilised for growth media organisation. 
3.1.2 Sago bark 
SB were the main substrate and were obtained from a local company in Sarawak: as 
shown in Figure 3.1. 
3.1.3 Reagents 
All the reagents were employed from those having pure grades and bought from 
local companies. 
Figure 3.1. Air-dried SB 
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